INTRODUCTION
============

The clinical success of composite resins is directly related to the polymerization process. A satisfactory polymerization of a composite resin relies on some variables, such as hue, translucency, filler particle size, time of light exposure, increment thickness, light intensity and light source distance[@B03],[@B14],[@B16],[@B17],[@B19],[@B20],[@B23],[@B25].

Research has shown that the an adequate polymerization demands light intensities greater than 280 mW/cm^2^,[@B21] increment thickness of 2 mm or less[@B05],[@B14],[@B19], and a distance between the light source and the composite\'s surface no greater than 6 mm^5^. The light intensity diminishes as the tip of the source light moves away from the composite\'s surface. Ideally, the light-curing tip unit should be in direct contact with the restoration\'s surface[@B04]. However, sometimes cavity design does not allow the polymerization within this distance.[@B18] Actually, distances of more than 8 mm between light source and the bottom of the proximal cavity have been demonstrated[@B11]. Clinical factors such as the accessibility of the light source, the direction of the light, cavity depth and intervening tooth tissue may limit depth of cure[@B23].

Studies had demonstrated that the composite resin shade can also influence the polymerization process, attenuating the energy passing through the specimen\'s thickness, diminishing the light transmission, which can be verified, with a substantially lower hardness values[@B05],[@B25]. Resins with lighter shades, belonging to the same system, show higher hardness values in comparison to darker shades[@B10]. Darker shade resins require more light exposure time and thinner increments, in order to achieve higher hardness values[@B16],[@B19]. Sometimes, not only the shade, but the resin\'s relative translucency can influence in the light transmission through the composite\'s thickness[@B12].

The filler particles can also absorb light, when they have heavy metals in their composition, generally used to provide radiopacity[@B24].

This study evaluated the influence of filler size, shade and light source distance on the degree of polymerization and superficial microhardness of composite resins, by determining their Vickers microhardness.

MATERIALS AND METHODS
=====================

Two types of composite resins were tested: (1) Filtek Z250 microhybrid resin (3M, Dental Products Division, St. Paul, MN, USA; shades A1 and A3.5) and (2) Filtek Supreme nanofilled resin (3M, Dental Products Division, St. Paul, MN, USA; A1B and A3.5B shades) ([Table 1](#t01){ref-type="table"}).

###### Tested materials and their technical profiles

  -------------------------------------------------------------------------------------------------------------------------
  Material   Manufacturer     Shade      Resin     Cure\   Filler            Filler Size\                 Filler content\
                                                   Time                      (μm)                         (% by volume)
  ---------- ---------------- ---------- --------- ------- ----------------- ---------------------------- -----------------
  Filtek\    3M (St. Paul,\   A1 and\    BisGMA\   20 s    Zirconia/Silica   0.1-3.5                      60
  Z-250      MN, USA)         A3.5       UDMA\                                                            
                                         BisEMA                                                           

  Filtek\    3M (St. Paul,\   A1B and\   BisGMA\   20 s    Zirconia/Silica   0.005-0.02\                  78.5%
  Supreme    MN, USA)         A3,5B      UDMA\                               nanofiller/0.6-1.4 cluster   
                                         BisEMA\                                                          
                                         TEGDMA                                                           
  -------------------------------------------------------------------------------------------------------------------------

Twenty-one specimens were made for each composite\'s shade, being 7 specimens for each light curing distance, totaling 84 specimens. The specimens were obtained from a split cylindrical black Teflon mold, with 5 mm of inner diameter and 2 mm height, united by a metal ring. This mold was covered with an experimental setup, containing a black cardboard paper, a microscope slide and a Mylar matrix.

The resins were inserted into the mold, in a single increment, with slight excess and covered by another transparent matrix strip. A second microscope slide was used to adapt the matrix to the margins of the mold thus creating a flat surface in both specimen surfaces and pressing the excess material over the brim of the mold. This microscope slide was removed before polymerization.

The specimens were light-cured for 20 seconds with the following distances: 0 mm (surface contact), 6 mm and 12 mm from composite surface, using a quartz-tungsten-halogen light source (XL 3000/3M) with an irradiance of approximately 560 mW/cm^2^. The distances were standardized using plastic rings that acted as spacers with 6 mm height. For 12 mm distance, 2 rings were used. Excess material was removed after irradiation.

The specimens were stored dry at 37°C for 24 hours in the dark. The Vickers Hardness Numbers (VHN) were measured using a microhardness tester HMV-2000 (Shimadzu Corporation, Japan) in an automatic procedure with load of 50 g applied for 45 seconds. On each specimen five indentations were made on the irradiated and opposite surfaces for each specimen, totaling 10 indentations for each specimen. The data referring to top surface from each resin-based composite were compared and the microhardness ratio was computed by dividing VHN of the bottom surface by VHN of the top surface. The values accepted as satisfactory for the microhardness ratio were at least equal or greater than 80%.[@B25] Data were analyzed by three-way ANOVA with curing tip distance, shade and filler size serving as the factors. Differences between composite resins and shades were evaluated for each curing tip distance separately and vice-versa, using Tukey\'s test. The significance level was set at 5%.

RESULTS
=======

There were statistically significant differences for all analyzed factors. Regarding superficial hardness, as in microhardness ratio, the factors shade, distance and composite resin type exerted influence.

The composites with lighter shades (A1 and A1B) showed, in general, higher Vickers microhardness values, than the corresponding darker shades (A3.5 and A3.5B). For microhardness values, that represent the depth of polymerization, in this case at 2 mm, values greater than 80%, were verified only for the microhybrid composite, for both shades at 0 mm and for the lighter shade (A1) at 6 mm. The nanofilled resin did not show, for microhardness ratio, values greater than 80% for any distance and shade tested. The hardness ratio (VHN of the bottom surface by VHN of top surface) for each resin, shade and distance tested are displayed on [Table 2](#t02){ref-type="table"}. The highest value for the bottom/top microhardness (VHN) was 87.26% for the microhybrid resin with A3.5 shade at 0 mm, and the lowest value was 50.20% for the nanofilled resin with A3.5B shade at 12 mm (p\<0.05).

###### Microhardness ratio (%) for each distance, resin and shade

                   0 mm                                                  6 mm              12 mm                                                     
  ---------------- ----------------------------------------------------- ----------------- ------------------- ----------------- ------------------- -----------------
                   **A1**                                                **A3.5**          **A1**              **A3.5**          **A1**              **A3.5**
  Filtek Z-250     86.60 (4.8)^a^ [\*](#TFN01t02){ref-type="table-fn"}   87.26 (3.53)^a^   85.93 (3.92)^a^     76.74 (4.85)^b^   76.09 (7.33)^b^     67.89 (4.90)^c^
                   **A1B**                                               **A3.5B**         **A1B**             **A3.5B**         **A1B**             **A3.5B**
  Filtek Supreme   79.77 (3.48)^a.b^                                     76.86 (3.87)^b^   71.39 (5.64)^b.c^   59.29 (2.98)^d^   62.76 (1.63)^c.d^   50.20 (1.75)^e^

Data are presented as mean (standard deviation), n=7. Groups with the same superscript letters are not significantly different (Tukey\'s post-hoc multiple comparison test; p\>0.05).

For the irradiated surface, the highest value of microhardness was 98.26 VHN (Vickers Hardness Number) for the microhybrid resin with A1 shade at 0 mm and the lowest value was 61.97 VHN for the nanofilled resin with A3.5B shade at 12 mm (p\<0.05). The values for the irradiated surface in VHN for each resin, shade and distance tested are displayed on [Table 3](#t03){ref-type="table"}.

###### Top surface Vickers Hardness Number (VHN) for each distance, resin and shade

                   0 mm                                                    6 mm                12 mm                                                       
  ---------------- ------------------------------------------------------- ------------------- ------------------- --------------------- ----------------- ---------------------
                   **A1**                                                  **A3.5**            **A1**              **A3.5**              **A1**            **A3.5**
  Filtek Z-250     98.36 (10.21)^a^ [\*](#TFN01t03){ref-type="table-fn"}   90.55 (2.53)^b^     81.63 (3.87)^c^     76.84 (4.07)^c.d^     68.27 (3.11)^e^   71.17 (1.62)^d.e.f^
                   **A1B**                                                 **A3.5B**           **A1B**             **A3.5B**             **A1B**           **A3.5B**
  Filtek Supreme   83.99 (1.54)^b.c^                                       76.29 (3.24)^c.f^   79.92 (3.28)^c.d^   74.27 (2.89)^d.e.f^   67.31 (0.95)^e^   61.97 (1.55)^e^

Data are presented as mean (standard deviation), n=7. Groups with the same superscript letters are not significantly different (Tukey post hoc multiple comparison test; p\>0.05).

The means for the top surface hardness and microhardness ratio showed a decrease in their values as the distance between the light source tip and the irradiated surface increased. For both composites tested the highest values were recorded at 0 mm (surface contact) and the lowest values at 12 mm.

DISCUSSION
==========

The experimental results support the theory that the shade, particle size and distance of the light source influence the superficial VHN and microhardness ratio of composite resins.

Hardness test has been the most popular method for investigating factors that influence the degree of conversion of composite resins[@B23]. It has been reported that this test provides an estimation of the degree of conversion of a composite resin[@B01],[@B08],[@B09]. However hardness values cannot be used to directly compare conversion of different composites, the bottom/top ratios for both hardness and degree of conversion, evaluated using attenuated total reflectance in a Fourier transform infrared (FTIR) spectrometer, resulted in a linear relationship independent of filler size or loading[@B02].

When tested under the same conditions, darker shades showed lower hardness ratio and superficial hardness when compared to lighter shades. These results are in agreement with the statement that the pigments used to give darker tonality to composite resins can attenuate the light transmission through the resin lowering the polymerization[@B05],[@B10],[@B14],[@B23],[@B25]. Darker composite resins have a tendency to absorb light and, because of that, they demand more time of light exposure and increments as thick as 1 mm.[@B19]

Light absorption can also be explained by the changing in the refractive index of the composite as the polymerization is taking place through the specimen\'s thickness. Chen, et al.[@B06] showed that the composite resins have a dynamic behavior as the monomers are converted into polymer chains because of the changing of the refractive index of the monomers while they are being photoactivated and converted into polymers. Inokoshi et al.[@B13] showed that the greater the difference between the refractive indexes between the organic phase and the filler phase, the greater the opacity, due the multiple reflections and refractions in the organic phase and filler phase interfaces.

The filler can also attenuate light when heavy metals are present in its constitution.[@B24] Both resins used in this study have filler with ZiO~2~. These fillers are used to give radiopacity to these materials.

The major influence of the filler on light propagation through the restoration thickness is due to light scattering. The scattering is wavelength and filler particle diameter dependent principally with composites with size particle ranging between 0.1 to 1.0 μm[@B05],[@B14],[@B15]. In the case of composite resins, the most important wavelength involved is 470 nm, the maximum absorption peak of camphorquinone. The majority of the light-sensitive materials used in dentistry have camphorquinone as initiation agent. Exposed to the correct wavelength, the camphorquinone molecule is raised to the triplet state and in this condition can react with a reducing agent to form an epiplex. This epiplex can then break down to form free radicals and initiate polymerization[@B21],[@B22]. The scattering is more efficient, resulting in greater light attenuation when the filler particles have half of the diameter of the incident wavelength; and this diminishes as the diameter increases. When particles are getting larger than the incident wavelength, the scattering occurs by light reflection over the particle\'s surface, in this case propagating more light[@B22]. Nanofilled, microhybrid and some hybrid composites have filler particles with this size range, and some attenuation by scattering is always expected when this type of resin-based composites are used, although the relative contribution of filler size is not so significant in depth of cure as increment thickness and exposure time[@B05].

Comparing both resins, it was observed that lower values for the microhardness ratio are verified for the nanofilled resin for both shades ([Table 2](#t02){ref-type="table"}). There was greater light attenuation for these composite. This attenuation can be explained by the light absorption, the greater amount of pigments and the greater percentage of filler by weight when compared to the microhybrid composite ([Table 1](#t01){ref-type="table"}). In addition, the nanofilled composite had a complex filler system and no information was available about the range of particle diameters that could be found on its composition. Despite the fact that the microhybrid resin was a \"universal\" type composite and the nanofilled resin was a \"body\" type composite, both materials were tested under the same conditions, and both had similar directions from their manufacturers, regarding specimen\'s thickness and light time exposure. Although the nanofilled resin was launched in the market with the intention of offering enhanced polymerization depth, this was not observed by us experimentally.

The light source distance in the polymerization of the composite resins had a negative influence with the increase of the distance with all tested resins. The distance of contact (0 mm), when the tip of the light source was in contact with the specimen\'s surface, had always higher superficial microhardness values and microhardness ratio in all tested specimens ([Figures 1](#f01){ref-type="fig"} and [2](#f02){ref-type="fig"}). Light intensity diminished as the tip of the light source moved away from the restoration\'s surface. The clinical distance recommended between the tip of the light source and the resin surface is 1 mm, but this is not always possible, for example, in cases of deep Class II gingival walls of proximal boxes. Here, the distance between the light source and the first increment (deep in the preparation) will be greater because of the interference of the oclusal surface. In these clinical situations, the clinician will have to use other resources that allow the adequate polymerization of these increments, such as transparent matrix strips, thinner increments, longer time of light exposure and greater light intensities[@B18]. El-Mowafy, et al.[@B07] observed that LED units performed as well as the quartz-tungsten-halogen sources in polymerization of composites in class II cavities. However, longer curing cycles (60 seconds) had significant effects on relative hardness values.

![Microhardness ratio of the tested materials. The values accepted as satisfactory were at least equal or greater than 80%](1678-7757-jaos-15-06-0486-gf01){#f01}
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CONCLUSIONS
===========

Under the tested conditions, it was observed that regarding microhardness, longer exposure times and thinner increments (about 1 mm) should be used when resins with darker shades and/or small filler particles (similar to the wavelength used) are chosen for a restorative treatment. The distance between the tip of the light source and the restoration surface should be as close as possible, and when this proximity was not possible, the clinician should use other resources that allow the adequate polymerization of the material.
